The tele-diagnosis has become one of the most requested applications to help experts in medical consultation. However, the transmission and archiving of medical images remain a big concern for these applications due to the large volume of images. 
Introduction
Several imaging activities intervene in our daily activities, such as the case of the expansion. Indeed, the image enlargement is requested in various fields. For example, Doctors use this method to access to image details in order to have a more accurate diagnosis [1] [2] . Moreover, in military domain, the satellite image has to be expanded to recognize the nature of the target [3] . It is also interesting to use this technique for distributed applications [4] . If an image should be transferred between two sites (eg, collaborative tele-diagnosis) [5] , it will be preferable to convey an image with less quality to limit the required bandwidth and to allow the expert to enlarge the received image. Despite this frequent use of the expansion, this issue remains among the least targeted research topics |6].
The expansion aims to increase the image resolution and so to improve the visual comfort of the viewer. This method permits to enhance the number of pixels in the image while preserving all pixels in the original image. The Second section of this paper is devoted to the presentation of different techniques used for enlarging color images namely the zero-padding [7] , polynomial nearest neighbor [8] , linear, quadratic and cubic interpolations [9] and cardinal spline function [10] . The third section is a comparative study between these techniques. We conclude this paper with a conclusion and some future works.
State of the Art
Enlarging images permits to get a larger image dimension [11] while preserving the contents of the original image without affecting its quality. Thus, we preserve the image spectrum in order to ensure a high fidelity between both the original and obtained images.
In this work, we apply the expansion methods on color images while being based on the spatial [12] and frequency representations of the image [13] . The transition from one domain to another is expressed mathematically by the Discrete Fourier Transform (DFT) or its inverse (DFT -1 ) [14] . The image magnification can be considered as an over-sampling of the image. In fact, we must preserve the image frequency components. Thus, we enlarge the spectrum of the original image in high frequencies to get an image with larger size while conserving the original information [15] .
The expansion of images in spatial domain that ensures the preservation of the original spectrum is achieved in two steps: interleaving zeros, then making an interpolation. In this process which involves the verification of the Shannon theorem (the sampling frequency is twice bigger than the highest frequency contained in the signal), the number of added zeros depends on the selected magnification factor.
To enlarge a color image, we are based on its representation in RGB space ( Figure 1 ). Thus, this method enlarges red, green and blue components and finally merges them. 
Zero padding method
This technique represents an over-sampling of the signal to estimate the new samples to insert into the obtained signal [16] . The spectral preservation is simple. The process consists of three phases. At first, we convert the original signal in the frequency domain by means of the Discrete Fourier Transform. Then, we extend the amplitude spectrum of this signal. So, we add zero values by applying the inverse Discrete Fourier Transform in the high frequencies of the original signal ( Figure 2 ). Finally, we move back to the spatial domain. The application of this expansion technique on color images is carried out by enlarging red, green and blue components as explained in Figure 3 . The same results can be found by the image spatial processing. First, we must add zeros between pixels of the original image (Figure 4 (1)
We note that this function preserves the points emanating from the original image because:
sinc(0)=1 and sinc (kπ) = 0
In addition, the values of these pixels contribute to the computation of each new pixel value in the enlarged image (and not of the original image).
Nearest neighbor interpolation
This method is the easiest one to calculate new values to be introduced in the new signal. In fact, this technique permits to assign to the new sample the value of the nearest original sample ( Figure 5 ). The rapidity of this process is due to the fact that only the closest sample is involved to determine the new sample value. According to Equation 4 , we believe that it is a polynomial of degree zero.
The frequency response is expressed by Equation 5.
(5)
Linear interpolation
Unlike the interpolation function of degree zero (nearest neighbor) which involves the closest sample values, the interpolation technique of degree 1 involves the two nearest samples to determine the new sample value. This estimated value is the weighted average of the values of both samples ( Figure 6 ).
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Linear interpolation
This technique keeps the principle of the zeros insertion to enlarge the image size and it only changes the polynomial interpolation degree (degree 1) as shown in Equation 6 . (6) Thus, the new value of the added pixel is a weighted sum of the original pixels that are close to the generated pixel. In the frequency domain, the response of our technique is illustrated by the shape of a square of the sine function (equation 7).
Quadratic interpolation
This is an interpolation of degree 2. Indeed, the estimation of a new pixel value involves the values of the three neighboring original pixels in a weighted average. This interpolation is represented in Figure 7 .
Thus, the enlarged image is the convolution product of the dilated image by interlacing zeros and H function. (8) The response of this function is expressed by Equation 9. 
Cubic interpolation
Like all previous polynomial interpolations, this technique uses the original neighboring pixels to calculate the new values of the inserted zeros in the enlarged image. In this case, the used number of neighboring pixels increases to four [17] . That is why we use the polynomial interpolation of degree three. The cubic polynomial interpolation involves the four values of the neighboring points via a weighted average as explained in Figure 8 . Equation 10 depends on a coefficient A which is fixed in the literature to the value (-0.5) for a better visual impact. Thus, the frequency response of the system becomes: (11) 
B-spline Transform interpolation
The B-spline function permits to link the points of a discrete function to get a continuous one [18] . The conversion from digital to analog signal presents a smooth curve that includes all elements of the discrete function. The major advantage of this function is to transform a discrete signal into a continuous one (Figure 9 ). The success of the interpolation by spline functions is mainly due to the low error rate compared to linear functions. In addition, the spline function has good smoothing properties. Moreover, the modification of one point of the polygon causes only a local change of the obtained curve.
In our approach, we apply this transformation on the Dirac pulse. This function is called cardinal spline function [THE 00] because it clearly converges to the cardinal sine function. It is equal to zero for all integer values of x, except for x = 0 which is equal to 1 (Figure 9 ).
Results and Discussion
Our work is carried out in a particular context which is the e-health and telemedicine. So we apply these magnification techniques on 30 medical color images of different sizes. Figure  10 shows some images from this database. An enlarged image by a factor of 16 using the zero padding method from the original image ( Figure 11 ) shows ripples at its edges as illustrated in Figure 12 .
a. Test image b. An enlarged image by a factor of 16
Figure 12. An enlarged image by a factor of 16 using the zero padding method
Analyzing the spatial and the frequency responses (figure 13) of this enlargement method, we note a preservation of the frequency and spatial contents of the original image ( figure 13 ). However, an oscillatory behavior appears in the spatial response (figure 13.a) in addition to the Gibbs effects in the frequency spectrum (figure 13.b) which explains the appearance of ripples at image edges. The nearest neighbor technique circumvents the flaws of the previous method. This technique assigns to the new pixel of the enlarged image, the closest original pixel value. Thus, the new matrix of the enlarged image shows groups of pixels having the same value. This fact explains the pixelation presented in the enlarged image ( Figure 14) . By raising the degree of the polynomial interpolation to 1 (linear interpolation), the pixelation effect is reduced and decreases more when using the quadratic interpolation as shown in Figure 16 .
a. Test image b. An enlarged image by a factor of 16 using the linear interpolation
c. An enlarged image by a factor of 16 using the quadratic interpolation Figure 16 . An enlarged image by a factor of 16 using linear and quadratic interpolations However, the pixelation effect is not completely removed because these interpolation functions have some oscillations in the stopband. Moreover, we notice that there is some blur in the enlarged images. This blur is more important after the use of the linear interpolation function compared to the quadratic interpolation function. Indeed, when we compare the bandwidths of these two functions ( Figure 17 and Figure 18 ), it is clear that the polynomial interpolation of degree 2 has a passband closest to that of the ideal expansion function The spectrum of this interpolation function shows almost zero values in the stopband. This greatly reduces the effect of pixelation (the big disadvantage of the nearest neighbor interpolation function). On the other hand, despite its big resemblance to the ideal high-pass filter response of the passband, the frequency response of this function is still insufficient and unable to remove the blur caused by the image expansion when we adopt this interpolation approach (Figure 20 ). Finally, the cardinal Spline transformation presents the best performance for the image expansion. Indeed, the adoption of this approach leads to an enlarged image without blur and pixelation as illustrated in Figure 21 . This result is expected knowing the principle of the spline function. In fact, the spline transform of the Dirac impulsion (blue curve) converges significantly to the sinc function (dashed red curve). So, we obtain an interpolation function which is equal to zero for all the integer values of x except for x = 0 where it is equal to 1. However, the use of sinc function engenders the apparition of ripples at its edges due to lobes presented in its spatial response. This flaw is notably reduced the B-spline function. On the other hand, the frequency spectrum of B-spline is very close to the ideal frequency spectrum given by the sinc function. That is why it removes almost completely the blur effect in the enlarged image. Moreover, both the Bspline transform and the sinc function decrease considerably the image pixelation of the magnified image. Thus, the B-spline function seems the best image expansion technique. 
Conclusion
For telemedicine applications, especially for tele-diagnosis, it is necessary to exchange images across the network. Thus, it is interesting to transmit reduced images to save bandwidth. At its reception, the image should be enlarged before its display without degrading the quality of the initial image.
In this paper, we present, in the state of the art, six expansion techniques namely zeropadding, polynomial nearest neighbor, linear, quadratic and cubic interpolations and cardinal spline transformation that can be applied on color images. At first, color images are decomposed to three components: Red, Green and Blue. Each component is enlarged, then merged with the two other enlarged components.
The different studied expansion techniques guarantee the preservation of the frequency spectrum and the spatial content of the original image. However these techniques differ in terms of the estimation of new pixels values to add to the original image.
The purpose of this work is to study the visual impact of the image enlargement and justify the obtained results mathematically. In addition, this work will permit us to select the best magnification method which ensures the best fidelity between the original image and its enlarged counterpart to guarantee a better visual comfort when displaying the processed image.
The results of our implementations, evaluations and comparisons highlight the advantages and drawbacks of each presented technique. The found flaws can be: undulations and / or blur and / or pixelation. The ripples at the edges of the enlarged image can be explained by the presence of the Gibbs effect in the bandwidth of the frequency response of the filter. This is the case of the zero-padding technique. On the other hand, the pixelation is due to the presence of large lobes (nearest neighbor method). Otherwise, a rectangular shape of the frequency spectrum in the passband frequencies removes the blur flaw (sinc function). Therefore, it is visually clear and theoretically proved that the use of the B-Spline transformation ensures a high visual comfort for the expansion of color medical images.
As future work, we intend to define the optimal reduction technique to propose a specific high-level component for the transmission of medical images. This fact may allow the reduction of the image size before its transmission and its enlargement at reception.
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